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VIBRATION BASED POWER GENERATOR 



Inventors: Roger L. Schultz, Robert K. Michael, Clark E. Robison and Paul D. 
ip Ringgenberg 

CROSS-REFERENCE TO RELATED APPLICATIONS 



^ The present invention claims the benefit of the filing date under 35 USC §119 of 

> 4:5 PCT application serial no. PCT/Usoo/20616, filed July 28, 2000, and is a continuation- 
' in-part under 35 USC §120 of U.S. application serial no. 09/493,801, filed January 28 ? 
2000. Both of these prior applications are incorporated herein by this reference. 



BACKGROUND 

20 

The present invention relates generally to equipment utilized and operations 
performed in conjunction with subterranean wells and, in an embodiment described 
herein, more particularly provides an electrical power generator. 

Electrical power for use in a downhole environment has generally in the past 
25 been either stored in a device, such as a battery, and conveyed downhole or it has been 
transmitted via conductors, such as a wireline, from the surface or another remote 
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location. As is well known, batteries have the capability of storing only a finite amount 
of power therein and have environmental limits, such as temperature, on their use. 
Additionally, batteries are not readily recharged downhole. 

Electrical conductors, such as those in a conventional wireline, provide a 
5 practically unlimited amount of power, but require special facilities at the surface for 
deployment and typically obstruct the production flowpath, thereby preventing the use 
of safety valves, limiting the flow rate of fluids through the flowpath, etc., while the 
conductors are in the flowpath. Thus, wireline operations are typically carried out prior 
to the production phase of a well, or during remedial operations after the well has been 
10 placed into production. 

In other circumstances, such as relatively permanent production situations, the 
fi conductors may be positioned external to a tubing string. For example, such external 
^ 7 conductors have been used for powering and communicating with sensors in production 
nJ situations. However, this makes running the tubing string very time-consuming and 
jig often results in unreliable electrical connections, etc. 

1" What is needed is a new method of generating electrical power. The method 

H; should not require that power be stored in a device and then conveyed downhole or to 
!U another remote location where it is difficult to recharge. The method should also not 
K require that power be transmitted from a remote location via one or more conductors 
^20 positioned in a production flowpath of a well or external to a tubing string in the well. It 
is accordingly an object of the present invention to provide a new method whereby 
power is generated, and to provide an apparatus for such power generation. 



SUMMARY 

25 

In carrying out the principles of the present invention, in accordance with an 
embodiment thereof, a power generator and associated method are provided which 
solve the above problems in the art. The power generator operates by displacing a 
member thereof in response to pressure changes in the generator, for example, due to 
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fluid flow through the generator. A piezoelectric material produces electricity when the 
member displaces. The power generator may be used in a downhole environment or in 
conjunction with fluid flow through any conduit. 

In one aspect of the present invention, a power generator includes a fluid conduit 
5 and a piezoelectric material attached to the conduit. When a pressure change is 
experienced in the conduit, such as, due to fluid flowing through the conduit, the 
piezoelectric material produces electricity, due to flexing of the conduit. The conduit 
may include a reduced thickness portion, which has an increased degree of flexing in 
response to the fluid flow, with the piezoelectric material being attached to the reduced 
10 thickness portion. 

In another aspect of the present invention, a power generator includes a mass 
. ^ reciprocably disposed relative to an outer housing of the generator. A bias member is 

positioned between the mass and a piezoelectric material. Fluid flowing through the 
fO housing causes the mass to displace and thereby induce strain in the piezoelectric 

material via the bias member. A fluid conduit may extend in the housing, with the mass, 
? y bias member and piezoelectric material being positioned between the conduit and the 
□ housing. Fluid flow through the conduit may be diverted to flow between the conduit 

and the housing. 



l e £o conduit and a fluid chamber in fluid communication with the fluid conduit. The 
chamber vibrates in response to pressure changes in the conduit, such as, due to the 
flow of fluid through the conduit. A piezoelectric material attached to the chamber 
produces electricity when the chamber vibrates. The piezoelectric material may be 
attached to internal or external walls of the chamber, to a membrane bounding a portion 

25 of the chamber, or to a piston used to adjust a volume of the chamber. 

In yet another aspect of the present invention, a power generator includes a fluid 
conduit and a member extending into a flow passage of the fluid conduit. The member 
vibrates in response to fluid flow through the fluid conduit. A piezoelectric material 
produces electricity in response to the vibration of the member. The member may 



In still another aspect of the present invention, a power generator includes a fluid 
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extend generally transversely relative to the flow passage, and the piezoelectric material 
may support the member in position relative to the fluid conduit. 

In a further aspect of the present invention, a power generator includes a fluid 
conduit and a member having an orifice formed therethrough. Fluid flowing through 
5 the fluid conduit also flows through the orifice, causing the member to vibrate. A 
piezoelectric material produces electricity when the member vibrates. 

In a still further aspect of the present invention, a power generator includes a 
fluid conduit, a member displacing within the fluid conduit in response to fluid flow 
through the fluid conduit, a retainer preventing displacement of the member out of the 

10 fluid conduit, and a piezoelectric material producing electricity in response to 
displacement of the member. The member may be a sphere which is retained in an 
enlarged cavity in the fluid conduit. The piezoelectric material may be positioned 
between the member and the fluid conduit, or it maybe positioned between the retainer 

% and the fluid conduit, so that when the member contacts the retainer, strain is induced 

|s in the piezoelectric material. 

In an additional aspect of the present invention, a power generator includes a 
fluid conduit having a flow passage formed therethrough and a cavity. A membrane 

1 separates the flow passage from the cavity. The membrane flexes in response to 
pressure changes in the flow passage, such as, due to fluid flow through the flow 

20 passage, and a piezoelectric material disposed within the cavity produces electricity in 
response to the membrane flexing. 

In another aspect of the present invention, displacement of a member in response 
to fluid flowing through a flow passage is increased by inducing turbulence in the fluid 
flow. A fluid conduit through which the flow passage extends may be shaped to induce 
25 the turbulence, for example, by helically shaping the fluid conduit, or by helically 
forming a recess or protrusion internally or externally on the fluid conduit. Protrusions 
may also extend into the flow passage upstream of the member. 

These and other features, advantages, benefits and objects of the present 
invention will become apparent to one of ordinary skill in the art upon careful 
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consideration of the detailed description of representative embodiments of the 
invention hereinbelow and the accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 



FIG. 1 is a schematic cross-sectional view of a first power generator embodying 
principles of the present invention; 

FIG. 2 is a schematic cross-sectional view of a second power generator 
embodying principles of the present invention; 

FIG. 3 is a schematic cross-sectional view of a third power generator embodying 
principles of the present invention; 

FIG. 4 is a schematic cross-sectional view of a fourth power generator embodying 
principles of the present invention; 

FIGS. 5 & 6 are top and side elevational views, respectively, of a first fluid conduit 
configuration for inducing turbulence in fluid flow therethrough; 

FIGS. 7 & 8 are top and side elevational views, respectively, of a second fluid 
conduit configuration for inducing turbulence in fluid flow therethrough; 

FIG* 9 is a schematic cross-sectional view of a fifth power generator embodying 
principles of the present invention; 

FIG. 10 is a schematic cross-sectional view of a sixth power generator embodying 
principles of the present invention; 

FIG. 11 is a schematic cross-sectional view of a seventh power generator 
embodying principles of the present invention; and 

FIG. 12 is a schematic cross-sectional view of an eighth power generator 
embodying principles of the present invention. 
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DETAILED DESCRIPTION 



Representatively and schematically illustrated in FIG. 1 is a power generator 10 
which embodies principles of the present invention. In the following description of the 
5 generator 10 and other apparatus and methods described herein, directional terms, such 
as "above", "below", "upper", "lower", etc., are used only for convenience in referring to 
the accompanying drawings. Additionally, it is to be understood that the various 
embodiments of the present invention described herein may be utilized in various 
orientations, such as inclined, inverted, horizontal, vertical, etc., and in various 
10 configurations, without departing from the principles of the present invention. 

^ As depicted in FIG. 1, the generator 10 is interconnected in a tubular string 12, 

□ such as a production tubing string, positioned in a subterranean well. Fluid flow 
hk through the tubular string 12 is utilized to generate electrical power from the generator 
^ 10. It is to be clearly understood that the generator 10, and the other generators 
described herein, may be used in other types of tubular strings, such as a drill string or 
^ injection tubing string, in other types of fluid conduits, such as a subsea fluid conduit, 
H; may be used during stimulation or drill stem testing, may be used as a flowmeter, may 
fil be used as a power source for logging while drilling and measurement while drilling 
j5 operations, and may be used in other methods, without departing from the principles of 
?±o the present invention. Thus, the description herein of the generator 10 used in the 
tubular string 12 is not to be taken as limiting of the utility of the present invention. 

The generator 10 includes a fluid conduit 14 with a flow passage 16 extending 
therethrough. As fluid flows through the flow passage 16, the conduit 14 flexes 
somewhat, due to pressure fluctuations in the fluid. This flexing of the conduit 14 
25 induces strain in a piezoelectric material 18, such as PZT, attached externally to the 
conduit. Of course, the conduit 14 may be made to flex by pressure changes in the flow 
passage 16, without the pressure changes being caused by fluid flow through the flow 
passage. 
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The piezoelectric material 18 could be otherwise attached to the conduit 14, for 
example, it maybe attached internally to the conduit. An outer housing 22 encloses and 
protects the piezoelectric material 18. 

As is well known to those skilled in the art, piezoelectric material produces 
5 electricity when strain is induced in the material. Thus, the piezoelectric material 18 of 
the generator 10 produces electricity when the conduit 14 flexes in response to fluid flow 
therethrough. 

The electricity produced by the piezoelectric material 18 is conducted via lines 20 
to an electrical power consuming device (not shown) either remote from the generator 
10 10 or in close proximity thereto. For example, the electricity may be used to charge a 
battery or to power an electrical device, either in another tool elsewhere in the well, or 
within the housing 22. 

*I : Referring additionally now to FIG. 2, another power generator 24 embodying 

jJ: principles of the present invention is representatively and schematically illustrated. The 
Q85 generator 24 is similar to the generator 10 described above, in that it includes a fluid 

conduit 26 configured for interconnection in a tubular string 28 in a subterranean well 
O and a piezoelectric material 30 attached to the conduit, so that the piezoelectric material 
m produces electricity when pressure changes are experienced in the conduit, such as 
:S; when fluid is flowed through the conduit. However, a flow passage 32 extending 
Ho through the conduit 26 has a radially enlarged portion, thereby forming a radially 

reduced thickness portion 34 of the conduit. 

It will be readily appreciated by one skilled in the art that the reduced thickness 
portion 34 of the conduit 26 will flex greater in response to pressure fluctuations in the 
flow passage 32 than the remainder of the conduit. This increased degree of flexing is 
25 used to induce greater strain in the piezoelectric material 30 and, thus, produce greater 
electrical power output from the piezoelectric material as compared to the generator 10 
described above. Note that the reduced thickness portion 34 could be otherwise created, 
for example, by providing a reduced outer dimension of the conduit 26, etc. 

Similar to the generator 10, the generator 24 also includes an outer housing 36 
30 for providing protection to the piezoelectric material 30. Lines 38 conduct electricity 
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from the piezoelectric material 30 to a power consuming device (not shown) either 

remote from or in close proximity to the generator 24. 

Referring additionally now to FIG. 3, another power generator 40 embodying 

principles of the present invention is representatively and schematically illustrated. The 
5 generator 40 is depicted in FIG. 3 interconnected in a tubular string 42 and positioned 

in a subterranean well. Fluid flow through a fluid conduit 44 of the generator 40 is used 

to displace a mass 46 to load a bias member 48, such as a spring, and thereby induce 

strain in a piezoelectric material 50. 

The mass 46, spring 48 and piezoelectric material 50 are disposed in a chamber 
10 52 formed radially between the conduit 44 and an outer housing 54- Fluid 

communication between a flow passage 56 extending through the conduit 44 and the 

chamber 52 is provided by openings 58, 60 above and below, respectively, a plug 62 in 
' ~ the flow passage 56. The plug 62 may completely prevent fluid flow directly through the 
: V flow passage 56, in which case all of the fluid flowing through the flow passage is 
ife bypassed through the chamber 52. Alternatively, the plug 62 may permit some fluid 
•v flow through an opening 64 therein, in which case only a portion of the fluid flowing 
a through the flow passage is bypassed through the chamber 52 . 

;{! As fluid flows through the chamber 52 between the openings 58, 60, the mass 46 

f : is caused to displace, due to the resistance to fluid flow thereacross and pressure 
4o fluctuations in the flowing fluid. As the mass 46 displaces, the spring 48 is loaded (that 
is, force is stored therein) and this results in strain being induced in the piezoelectric 
material 50. Strain in the piezoelectric material 50 causes it to produce electricity, 
which is conducted via lines 66 to an electrical power consuming device (not shown) 
either remote from or in close proximity to the generator 40. 
25 Referring additionally now to FIG. 4, another power generator 68 embodying 

principles of the present invention is representatively and schematically illustrated. As 
depicted in FIG. 4, the generator 68 is interconnected in a tubular string 70 and 
positioned in a subterranean well. The generator 68 includes a fluid chamber 72 in fluid 
communication via an opening 74 with a flow passage 76 extending in a fluid conduit 
30 78. The chamber 72 is formed radially between the conduit 78 and an outer housing 80. 



-8- 



(j Attorney DocketC^ 2000IP000069U1USA 

^ (990300 U1P1 USA) 

It will be readily appreciated by one skilled in the art that, when pressure 
fluctuations are experienced in the flow passage 76, such as, due to fluid flowing through 
the flow passage 76, the chamber 72 will vibrate. Preferably, the chamber 72 is "tuned" 
so that it vibrates at one or more of its resonant frequencies commensurate with the 
5 velocity, density, etc. of the fluid flowing past the opening 74. For example, the volume 
of the chamber 72 may be adjusted to "tune" the chamber to an appropriate resonant 
frequency. One way to adjust the volume of the chamber 72 is to provide a piston 82 
displaceable by a threaded collar 84, so that as the piston is displaced, the volume of the 
chamber maybe increased or decreased as desired. 

.0 Various methods may be used to generate electrical power from the vibration of 

the chamber 72. Piezoelectric material 86 may be attached internally or externally to 

3 the conduit 78 where it forms an inner wall of the chamber 72. Piezoelectric material 88 

r? may be attached internally or externally to the housing 80 where it forms an outer wall 

* of the chamber 72. Piezoelectric material 90 may be attached to a relatively thin 
IB membrane 92 bounding a portion of the chamber 72. Piezoelectric material 94 may be 

j attached to the piston 82, for example, positioned between the piston and the collar 84- 
Of course, it will be readily appreciated that vibration of the chamber 72 may be used to 

5 generate electrical power in any other manner as well, without departing from the 

}£ principles of the present invention. 

|jo Lines 87, 89, 91, 95 conduct the electricity produced by the piezoelectric 

materials 86, 88, 90, 94, respectively, to electrical power consuming device(s) (not 
shown) either remote from or in close proximity to the generator 68. 

Referring additionally now to FIGS. 5 & 6, a configuration of a fluid conduit 96 
which maybe used in any of the power generators described herein is schematically and 
25 representatively illustrated. The conduit 96 has a helical shape. As fluid flows through a 
flow passage 98 extending through the conduit 96, turbulence is induced in the fluid. 
This turbulence is used to increase displacement of a member of a generator which 
responds to fluid flow therethrough. 

For example, if the conduit 96 is substituted for the conduit 14 in the generator 
30 10 described above, the conduit 96 will itself flex to a greater degree and result in 
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increased electrical output from the piezoelectric material 18, due to increased pressure 
fluctuations in the flow passage 98. If the conduit 96 is substituted for the conduit 26 in 
the generator 24 described above (in which case the conduit 96 would be provided with 
the reduced wall thickness portion 34 to which the piezoelectric material 30 is attached), 
increased pressure fluctuations in the flow passage 98 will result in increased flexing of 
the portion 34 and increased electrical output of the piezoelectric material 30. If the 
conduit 96 is substituted for the conduit 44 in the generator 40 described above (in 
which case the conduit 96 would be provided with the openings 58, 60 and plug 62 for 
directing fluid flow to the chamber 52), increased turbulence in the fluid flowing 
through the flow passage 98 will be transmitted to the chamber 52 and result in 
increased displacement of the mass 46, thereby causing increased electrical output of 
the piezoelectric material 50. If the conduit 96 is substituted for the conduit 78 in the 
generator 68 described above (in which case the conduit 96 would be provided with the 
opening 74 for communication with the chamber 72), then increased turbulence in the 
fluid flowing through the flow passage 98 will result in increased vibration of the 
chamber 72, thereby causing increased electrical output of the various piezoelectric 
materials 86, 88, 90, 94- 

Note that the conduit 96 may be made of a material, for example, titanium or a 
composite material, etc., which provides enhanced flexure of the conduit due to pressure 
fluctuations therein, for those embodiments of power generators described herein in 
which electrical power is produced in response to flexure of a fluid conduit. 

Referring additionally now to FIGS. 7 & 8, another configuration of a fluid 
conduit 100 which may be used in any of the power generators described herein to 
induce turbulence in fluid flow is representatively and schematically illustrated. The 
conduit 100 has a flow passage 102 extending therethrough. A recess 104 is formed 
internally on the conduit 100 and extends helicaUy therein (the recess forming part of 
the flow passage 102), so that turbulence is induced in fluid flow through the flow 
passage. 

In a similar manner to that described above for the conduit 96, the increased 
turbulence in the flow passage 102 caused by the helical recess 104 may be used to 



- 10 - 



r% Attorney DocketCj 2000IP000069U1USA 

(990300 U1P1 USA) 

increase electrical output from any of the power generators described herein. 
Additionally, the conduit 100 includes an external protrusion 106 formed helically 
thereon, which may be used to increase turbulence in fluid flowing external to the 
conduit'100. For example, if the conduit 100 is substituted for the conduit 44 in the 
generator 40 described above, the protrusion 106 maybe used to increase turbulence in 
the fluid flowing through the chamber 52. 

Note that the conduit 100 may be made of a material, for example, titanium or a 
composite material, etc., which provides enhanced flexure of the conduit due to pressure 
fluctuations therein, for those embodiments of power generators described herein m 
which electrical power is produced in response to flexure of a fluid conduit. 

It is to be clearly understood that the above examples of conduits 96, 100 which 
are shaped to increase turbulence in fluid flow through a downhole power generator are 
provided only to illustrate the large variety of such methods of increasing turbulence, 
and any other means of increasing turbulence in fluid flow may be utilized, without 
departing from the principles of the present invention. For example, it is not necessary 
for helical shapes to be used, since fluid conduits could instead be corrugated internally 
and/or externally, have other types of recesses and/or protrusions formed internally 
and/or externally thereon, etc. to increase turbulence in fluid flow. 

Referring additionally now to FIG. 9, another power generator 108 embodying 
principles of the present invention is representatively and schematically illustrated. In 
FIG. 9, the generator 108 is depicted interconnected in a tubular string 110 positioned in 
a subterranean well. The generator 108 includes members 112 which extend inwardly 
into a flow passage 114 formed through a fluid conduit 116. 

Note that the members 112 extend generally transversely to the direction of fluid 
flow through the flow passage 114. It will be readily appreciated that the members 112 
will vibrate as fluid flows through the flow passage 114 and across the members. To 
increase the vibration of the members 112, protrusions 118 may be provided in the flow 
passage upstream of the members to induce turbulence in the fluid flowing thereacross. 
Of course, any other means of inducing turbulence in the fluid flowing across the 
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members 112 may be utilized, without departing from the principles of the present 
invention. 

Piezoelectric material 120 is disposed between each of the members 112 and the 
conduit 116 in recesses 122 formed internally on the conduit. The piezoelectric material 
120 supports the members 112 in position relative to the conduit 116 and may encircle 
each member, so that displacement of the member in any direction induces strain in the 
piezoelectric material, resulting in an electrical output from the piezoelectric material. 

The protrusions 118, by increasing turbulence in the fluid flowing across the 
members 112, increases the displacement of the members and thereby increases the 
electricity produced by the piezoelectric material 120. Lines 124 conduct the electricity 
to an electrical power consuming device (not shown) either remote from or in close 
proximity to the generator 108. 

Referring additionally now to FIG. 10, another power generator 126 embodying 
principles of the present invention is representatively and schematically illustrated. The 
generator 126 is depicted in FIG. 10 interconnected in a tubular string 128 positioned in 
a subterranean well. The generator 126 includes a fluid conduit 130 having a flow 
passage 132 extending therethrough and a member 134 having an orifice 136 formed 
therethrough. Fluid flowing through the flow passage 132 also flows through the orifice 

136. 

The member 134 is reciprocably disposed in the flow passage 132. It will be 
readily appreciated that, as fluid flows through the orifice 136, the member 134 will 
vibrate relative to the conduit 130. This displacement of the member 134 is used to 
induce strain in a piezoelectric material 138 positioned between a radially enlarged 
portion 140 of the member and the conduit 130 in a recess 142 formed internally on the 
conduit. 

Protrusions 144 extend into the flow passage 132 upstream of the orifice 136, in 
order to induce turbulence in the fluid flowing through the orifice. It will be readily 
appreciated that this increase in turbulence caused by the protrusions 144 will increase 
the displacement of the member 134 due to the fluid flow through the orifice 136, 
thereby increasing the strain induced in the piezoelectric material 138 and increasing 
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the electrical output of the piezoelectric material. The electricity produced by the 
piezoelectric material 138 is conducted to an electrical power consuming device (not 
shown) either remote from or in close proximity to the generator 126 by lines 146. 

Referring additionally now to FIG. 11, another power generator 148 embodying 
principles of the present invention is representatively and schematically illustrated. The 
generator 148 is depicted in FIG. 11 interconnected in a tubular string 150 positioned in 
a subterranean weU. The generator 148 includes a fluid conduit 152 having a flow 
passage 154 extending therethrough and a member 156 disposed in the flow passage. 
Two retainers 158 prevent the member 156 from displacing out of the flow passage 154 
when fluid is flowed through the flow passage. 

The member 156 is shown in FIG. 11 as a sphere, but it is to be clearly understood 
that an otherwise-shaped member could be used in the generator 148, without departing 
from the principles of the present invention. It will be readily appreciated that, as fluid 
flows through the flow passage 154, the member 156 will displace in response thereto. 
Displacement of the member 156 may be used to produce electricity in the generator 148 
in various manners. 

For example, other than being retained in the flow passage 154 by the retainers 
158, the member 156 may be free to displace in any direction within the flow passage. In 
that case, the member 156 will periodically contact the retainers 158 and cause some 
displacement of the retainers. Piezoelectric material 160 positioned between the 
retainers 158 and the fluid conduit 152 in recesses 162 formed internally in the conduit 
is strained by the displacement of the retainers and produces electricity in response 
thereto. The piezoelectric material 160 may encircle each end of the retainers 158 as 
depicted in FIG. 11 and may support the retainers 158 in position relative to the conduit 
152. 

As another example of a manner in which displacement of the member 156 may 
be used to produce electricity in the generator 148, the member 156 may be supported in 
position relative to the conduit 152 by piezoelectric material 164 positioned between the 
member and the conduit. In that case, the member 156 is not completely free to move in 
the flow passage 154, but instead vibrates in response to fluid flowing through the 
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passage. This vibration of the member 156 induces strain in the piezoelectric material 
164 and the piezoelectric material produces electricity in response thereto. 

Lines 166 or 168 conduct the electricity produced by the piezoelectric material 
160 or 164 to a power consuming device (not shown) either remote from or in close 
proximity to the generator 148. 

Referring additionally now to FIG. 12, another power generator 170 embodying 
principles of the present invention is representatively and schematically illustrated. The 
generator 170 is depicted in FIG. 12 interconnected in a tubular string 172 positioned in 
a subterranean well. The generator 170 includes a fluid conduit 174 having a flow 
passage 176 extending therein and an annular cavity 178 formed internally therein. 

A relatively thin generally tubular membrane 180 separates the flow passage 176 
from the cavity 178 while still permitting fluid flow through the flow passage. It will be 
readily appreciated that as pressure fluctuations are experienced in the flow passage 
176, such as, due to fluid flowing through the flow passage 176, the membrane 180 will 
flex in response to the pressure fluctuations. Flexing of the membrane 180 induces 
strain in a piezoelectric material 182 disposed in the cavity 178. The piezoelectric 
material 182 may be annular shaped and may outwardly surround the membrane 180 as 
depicted in FIG. 12. However, it is to be clearly understood that the membrane 180, 
cavity 178 and piezoelectric material 182 may be shaped other than as depicted in FIG. 
12, without departing from the principles of the present invention. 

The membrane 180 of the generator 170 sealingly isolates the cavity 178 from the 
flow passage 176. Seals 184 may be provided at each end of the membrane 180 for 
sealing between the membrane 180 and the conduit 174, or this sealing maybe provided 
by other means. Preferably, the cavity 178 is at atmospheric pressure to enhance the 
displacement of the membrane 180 in response to pressure in the flow passage 176. 

Strain induced in the piezoelectric material 182 due to the flexing of the 
membrane 180 causes the piezoelectric material to produce electricity. The electricity is 
conducted by lines 186 to an electrical power consuming device (not shown) either 
remote from or in close proximity to the generator 170. 
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Of course, a person skilled in the art would, upon a careful consideration of the 
above description of representative embodiments of the invention, readily appreciate 
that many modifications, additions, substitutions, deletions, and other changes may be 
made to the specific embodiments, and such changes are contemplated by the principles 
of the present invention. Accordingly, the foregoing detailed description is to be clearly 
understood as being given by way of illustration and example only, the spirit and scope 
of the present invention being limited solely by the appended claims. 



WHAT IS CLAIMED IS: 
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